Abstract-A series expansion is derived for the potential distri bntion, caused by a dipole source in a multilayered sphere with piecewise constant conductivity. When the radial coordinate of the source approaches the radial coordinate of the field point the spherical harmonics expansion converges only very slowly. It is shown how the convergence can be improved by first calculating an asymptotic approximation of the potential and using the so called addition-subtraction method. Since the asymptotic solution is an approximation of the true solution, it gives some insight on the dependence of the potential on the conductivities. The formulas will be given in Cartesian coordinates, so that difficulties with coordinate transformations are avoided. Attention will be paid to the (fast) computation of the partial derivatives of the potential, which is useful for inverse algorithms.
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INTRODUCTION

I
T is commonly accepted that the mechanism underlying the generation of the electroencephalogram (EEG) can be physically described as a set of current sources embedded in a conductive medium. The position and orientation of these sources can be estimated from the observed potential differences on the skin by constructing mathematical models that describe the geometry of the sources and the geometry of the medium. Since the head is approximately spherically symmetric, a concentric sphere model has been developed to describe the head, with different levels of complexity: the homogeneous sphere model [1] , the three sphere model [2J, the four sphere model [3] , thc isotropic multisphere model [4] . and the anisotropic multi sphere model r51. The computation of the potential distribution, when the geometry of the sources and the medium are given is called the forward problem. The inverse problem is to estimate the sources, for a given medium and a known potential distribution on a set of electrodes. The inverse problem is a parameter estimation problem in which thc unknown source parameters are varied until the difference betwecn the measured and calculated potential is as small as possible. Since for the invcrse algorithm the solution of the forward problem has to be known for many different combinations of source parameters, it is of prime importance to calculate the potential as fast as possible, When the Marquardt algorithm is used in the inverse problem then also the partial derivatives of the potential have to be calculatcd in a fast way, In this paper the forward problem is solved for the general anisotropic multisphere model. The solution method which is used is based on the derivation given in r5], However, the derivation is slightly adapted to obtain an expression in Cartesian coordinates (Section II), The new formulation of the solution also makes it possible to derive an asymptotic approximation of the terms of the spherical harmonics ex pansion. This approximation is used to accelerate the speed of convergence of the series, In Section III it is shown how the improvcmcnt of the convergence works in general and in Section IV the asymptotic approximation of the multi sphere potential is derived, In Section V an explicit expression for the dipole potential and its partial derivatives is given, Finally, in Section VI the merits of the convergence acceleration are demonstrated with some numerical examples.
II. REFORMULATION OF TIlE SOLUTION
If the quasi-static approximation is valid, the potential'ljJ is a solution of a boundary value problem with Neuman conditions [6] ,
where 1(x) is the conductivity tensor, V is the volume conductor, DV is the volume conductor boundary with outer normal ii(x) and 8(X) is the current source density, From Gauss' identity it follows that a solution of the Neuman problem can only exist if
For a current dipole in an isolated volume conductor this condition is automatically satisfied, since then f == 0, It can be shown that the solution is unique up to an additive constant. The current dipole potential can be expressed in terms of the gradient of the monopole potential 'ljJmon(XO, Xe):
where Xo is thc source point and Xc is the field point. and Q is the dipole vector. The symbol \7 u indicates that the gradient has to be taken with respect to the source point. The monopole potential 1/Jmon is the solution of (1), with s = 8(xo -x) and f = A -\ and A is the area of the volume conductor. It will next be assumed that the volume conductor is spherically symmetric, and thercfore the conductivity 1(x) is completely defined by its radial and tangential conductivity, which in turn
